؊11 ). In the nine patients with zero mutations within this set, the median decrease in HIV RNA was ؊2.63 log copies/ml, and was ؊2.22 (n ‫؍‬ 45), ؊1.50 (n ‫؍‬ 26), ؊0.58 (n ‫؍‬ 23), ؊0.47 (n ‫؍‬ 6), ؊0.13 (n ‫؍‬ 3), and 0.04 (n ‫؍‬ 1) log copies/ml in those with one, two, three, four, five, and six mutations, respectively. This study identified six mutations associated with VR to FPV/r. Some of these mutations are shared with the current FPV/r Agence Nationale de Recherches sur le SIDA (ANRS) resistance score, which has been cross-validated in the CONTEXT/TRIAD data set, suggesting that the current ANRS FPV/r score is a useful tool for the prediction of VR to FPV/r in PI-experienced patients.
The aim of this study was to identify human immunodeficiency virus (HIV) protease mutations associated with virological response (VR) to fosamprenavir-ritonavir (FPV/r) in 113 protease inhibitor (PI)
؊11 ). In the nine patients with zero mutations within this set, the median decrease in HIV RNA was ؊2.63 log copies/ml, and was ؊2.22 (n ‫؍‬ 45), ؊1.50 (n ‫؍‬ 26), ؊0.58 (n ‫؍‬ 23), ؊0.47 (n ‫؍‬ 6), ؊0.13 (n ‫؍‬ 3), and 0.04 (n ‫؍‬ 1) log copies/ml in those with one, two, three, four, five, and six mutations, respectively. This study identified six mutations associated with VR to FPV/r. Some of these mutations are shared with the current FPV/r Agence Nationale de Recherches sur le SIDA (ANRS) resistance score, which has been cross-validated in the CONTEXT/TRIAD data set, suggesting that the current ANRS FPV/r score is a useful tool for the prediction of VR to FPV/r in PI-experienced patients.
The use of antiretroviral therapy (ART) can sharply lower the level of human immunodeficiency virus type 1 (HIV-1) in plasma and delay the onset of clinical disease and death. Resistance to these therapies, however, can reduce or eliminate their usefulness. Drug resistance testing has proven its use in guiding treatment decisions for HIV-1-infected patients and is a recommended component of several international ART treatment guidelines. In this setting, rule-based algorithms are often proposed on the basis of the correlation between genotype and virological response (Agence Nationale Fosamprenavir (FPV) is a prodrug of the protease inhibitor (PI) amprenavir and has shown, when boosted with ritonavir (FPV/r), safety and efficacy in antiretroviral-naïve and -experienced patients (1, 5, 8, 21) . The protease mutations selected in vitro or in vivo in the presence of amprenavir (I50V, V32I plus I47V, I54LM/M, and I84V) (13) are rarely selected in patients treated by first-line FPV-containing regimens, particularly when boosted with ritonavir (RTV) (12, 22) . In PIexperienced patients, few data are available concerning the prediction of virological response to FPV/r by genotypic resistance analysis (2, 17, 20) . Recently, the ANRS proposed a genotypic interpretation algorithm for FPV/r including a genotypic score (L10F/I/V, L33F, M36I, I54L/M/V/A/T/S, I62V, V82A/F/C/G, I84V, and L90M) and the presence or absence of the mutations I50V or V32I plus I47V/A as an independent predictor of virological response in 73 PI-experienced patients (17) . Thus, isolates with zero to three mutations among this score are considered not resistant to FPV/r, and isolates with more than three mutations among the score or with the presence of I50V or V32I plus I47V/A are considered resistant to FPV/r (http://www.hivfrenchresistance.org/; version 16). Another study identified 12 amino acid substitutions among those on the International AIDS Society (IAS) list (L10I/F/R/V, L33F, M36I, M46I/L, I54L/M/T/V, I62V, L63P, A71I/L/V/T, G73A/C/F/T, V82A/F/S/T, I84V, and L90M) and four polymorphism mutations (I13V, L19I, K55R, and L89M) that were associated with failure of FPV/r therapy (20) . Failure was associated with the number of mutations, and a clinical cutoff of at least four mutations yielded a significantly poorer response. The most important difference between this study and the ANRS FPV/r genotypic interpretation was the absence of a primary mutation at codon 46 in the ANRS score. This mutation was also retained in the mutation set defined by Elston et al. in the CONTEXT study as associated with decreased virological response to FPV/r at week 12 (2) . However, the differences between these mutation sets may be the consequence of using different patient populations and hence different baseline viruses with different levels and ranges of resistance to FPV/r and statistical approaches.
As it is now widely recognized that correlation studies analyzing the virological response in treatment-experienced patients according to the genotypic profile at baseline provide relevant information for establishing resistance algorithms, we report here the identification of baseline protease mutations associated with the virological response to FPV/r (700/100 mg twice daily [b.i.d.]), with a simple and previously described methodology, in PI-experienced patients enrolled in the CON-TEXT and TRIAD clinical trials.
(This work was presented during the 14th Conference on Retroviruses and Opportunistic Infection, 25 to 28 February 2007 [16] .)
MATERIALS AND METHODS
Patients and antiretroviral regimens. The patients analyzed were enrolled in the CONTEXT and TRIAD trials. The CONTEXT (APV30003) trial was a phase III, randomized, multicenter, open-label study comparing the efficacy and safety of two dosing regimens of FPV/r (700 mg/100 mg twice daily or 1,400 mg/200 mg once daily) versus lopinavir-RTV (400 mg/100 mg twice daily) for 48 weeks in PI-experienced, HIV-infected adults experiencing virological failure (3) . In this trial, there were three groups of patients as follows: group 1, FPV 700 mg b.i.d. plus RTV 100 mg b.i.d. plus two reverse transcriptase inhibitors (RTIs) (n ϭ 107); group 2, FPV 1,400 mg once daily plus RTV 200 mg once daily plus two RTIs (n ϭ 105); and group 3, lopinavir-RTV 400 mg/100 mg b.i.d. plus two RTIs (n ϭ 103). Randomization was stratified according to the subject's plasma HIV-1 RNA level at the time of screening (1,000 to 10,000 copies/ml, Ͼ10,000 to 100,000 copies/ml, and Ͼ100,000 copies/ml). The TRIAD (APV102002) trial was a phase III, randomized, controlled, open-label, multicenter three-arm study in heavily PI-experienced subjects (defined as Ն2 prior PI-based regimens and a history of treatment with at least one ART from the three main available antiretroviral classes) comparing, in a 1:1:1 ratio, the following treatment groups: group A, 700 mg FPV/100 mg RTV b.i.d. plus optimized background treatment (OBT) (n ϭ 21); group B, 1,400 mg FPV/100 mg RTV b.i.d. plus OBT (n ϭ 21); and group C, 1,400 mg FPV/533 mg lopinavir/133 mg RTV b.i.d. plus OBT (n ϭ 21) (http://ctr.gsk.co.uk/Summary/fosamprenavir/studylist.asp/).
Only data from patients enrolled in group 1 from CONTEXT and group A from TRIAD, i.e., patients receiving the approved dose of FPV/r, were pooled and analyzed in the present resistance analysis.
Genotypic resistance testing. Genotypic resistance analysis was performed on plasma samples collected at baseline. Reported mutations were as listed at the IAS website (http://www.iasusa.org/) in September 2006 (9) .
Statistical methods. The end-point for the analysis was the decrease from baseline in HIV RNA at week 12.
First, the impact of the presence of each mutation along the protease gene (codons 1 to 99) on virological response was analyzed by comparing the change in plasma HIV-1 RNA in patients with and without the mutation by using the nonparametric Kruskal-Wallis test. Mutations present in at least 10% of patients and having P values lower than 0.10 in the univariate analysis described above were retained and then analyzed by using the removing procedure with a nonparametric test to select a final set of mutations best associated with the virological response. The removing procedure began with all k mutations retained from the univariate analysis. The nonparametric Jonckheere-Terpstra (JT) test for ordered alternatives that allows testing of a specific a priori sequence was used (6, 10, 15) . From the initial set of k mutations, the first step was to remove one mutation. One by one, all combinations of kϪ1 mutations were investigated, and the combination providing the lower P value with the JT test was retained. In the second step, mutations were again removed one by one to compare the combinations of kϪ2 mutations, the combination providing the lower P value was again retained, and so on (6) . The procedure ended when removing a mutation did not provide a lower P value than the previous P value.
To assess whether or not the genotypic score was an independent predictor of response, a linear multivariate regression was used, accounting for the baseline variables which were predictive of response in the univariate analysis (P Ͻ 0.10).
The statistical program used for analyses was SAS (version 9.0), and no correction for multiple testing was done.
RESULTS
Baseline patient characteristics. Among the 128 patients enrolled in group 1 from CONTEXT and group A from TRIAD, 113 patients were included in the present resistance analysis (CONTEXT, n ϭ 96; TRIAD, n ϭ 17). Fifteen out of 128 patients were excluded from this analysis because they either stopped treatment before week 12 or had missing week 12 HIV-1 RNA values. For the 113 patients retained in the analysis, baseline characteristics and details of the antiretroviral drugs associated with FPV/r are summarized in Table 1 . None of the patients received nonnucleoside RTIs (NNRTIs) in the FPV/r-associated treatment. The prevalence of major PI resistance mutations at baseline defined by the IAS panel Table 2 shows the univariate analysis of the virological response according to the presence of mutated or wildtype codons at specific sites of the protease gene.
Boosted FPV/r genotypic score. (i) Removing procedure. From the univariate analysis which retained 14 PI mutations (L10F/I/V/Y, I15V, L33F, M46L, I54A/L/V/M/S, D60E/N, I62V, L63A/S/T/P/Q/V, I72E/L/M/T/V, G73C/S/T, V82A/F/ I/T, I84C/K/V, L89I/M/V, and L90M), the removing procedure using the JT test did not retain mutations at codons 10, 33, 62, 72, 73, 82, 89, and 90 and led to selecting the following genotypic score, named CONTEXT/TRIAD FPV/r score: I15V plus M46I/L plus I54L/M/V plus D60E plus L63P/T plus I84V; this provided the strongest association with virological response (P ϭ 1.45 ϫ 10 Ϫ11 ). Figure 2 shows the median decrease in viral load as a function of the number of mutations identified in the CONTEXT/TRIAD data set providing the strongest association with virological response to FPV/r. In the 9 patients with zero mutations within this set, the median decrease in HIV RNA was Ϫ2.63 log copies/ml, and it was Ϫ2.22 (n ϭ 45), Ϫ1.50 (n ϭ 26), Ϫ0.58 (n ϭ 23), Ϫ0.47 (n ϭ 6), Ϫ0.13 (n ϭ 3), and 0.04 (n ϭ 1) log copies/ml in those with one, two, three, four, five, and six mutations, respectively (the median decrease in HIV RNA was Ϫ0.16 log copies/ml for the 10 patients with four or more mutations).
(ii) Multivariate analysis. A series of univariate regression models were fitted to the data to search for predictive factors of the viral load reduction at week 12. Among the variables investigated (sex; age; CDC stage; baseline CD4; baseline HIV RNA; number of prior nucleoside RTIs [NRTIs], NNRTIs, and PIs; total number of NRTIs associated with FPV/r; use of abacavir, lamivudine, zidovudine, didanosine, stavudine, tenofir disoproxil fumarate, or T20 associated with FPV/r; and the CONTEXT/TRIAD-derived FPV/r genotypic score as a continuous variable), the following three variables were associated with a decreased virological response at week 12 (P Ͻ 0.10): number of prior NRTIs (P ϭ 0.004), number of prior PIs (P ϭ 0.006), and CONTEXT/TRIAD FPV/r genotypic score (P Ͻ 0.0001). From these three variables, the final multivariate model retained only the CONTEXT/TRIAD FPV/r genotypic score as being significantly associated with the virological response (P Ͻ 0.0001).
(iii) Impact of the FPV/r ANRS genotypic score on the virological response at week 12. Another FPV/r genotypic score has been previously described, which is currently recommended by the ANRS (17) . The ANRS FPV/r classifies strains as resistant to FPV/r if there are at least four mutations among the following combination of mutations (L10F/ I/V plus L33F plus M36I plus I54A/L/M/S/T/V plus I62V plus V82A/C/F/G plus I84V plus L90M) or the presence of I50V or 32I plus 47V and classifies strains as susceptible to FPV/r in cases of three or fewer mutations among this score (http://www.hivfrenchresistance.org/; version 16). In order to evaluate the accuracy of the FPV/r ANRS genotypic score, we applied this score in the CONTEXT/TRIAD data set. Figure 3 shows the median decrease in HIV RNA in the CONTEXT/TRIAD data set according to the FPV/r ANRS genotypic score as a function of the number of mutations and having Ͻ4 or Ն4 mutations as it is defined in the ANRS rules (P ϭ 5.41 ϫ 10 Ϫ6 and P ϭ 4.31 ϫ 10 Ϫ6 , respectively).
DISCUSSION
Generation and clinical validation of genotypic resistance scores are based on correlation analyses between the genotypic profile at baseline and virological response. This provides objective information for the guidance of drug selection based on genotypes, in particular for treatment-experienced patients (11, 14, 23) . Here, we have identified a list of protease mutations that impair the virological response to boosted FPV in PI-experienced patients using stepwise methodologies as previously proposed (6, 14, 15, 23) . We described the mutations associated with FPV/r virological response at week 12 based on virological data from a pooled analysis of FPV/r 700/100 mg b.i.d. arms of two different clinical trials conducted in PIexperienced patients.
Among the mutations identified in the CONTEXT/TRIAD genotypic score (I15V plus M46I/L plus I54L/M/V plus D60E plus L63P/T plus I84V) associated with FPV/r virological response at week 12, some of them have been already identified as amprenavir-and FPV/r-resistant mutations in clinical trials using amprenavir or FPV/r and are already considered FPV/r IAS mutations (i.e., M46I/L, I54L/M/V, and I84V). Indeed, mutations at position 46 have already been identified in other FPV/r resistance scores (2, 20) . Moreover, mutations at positions 46, 54, and 84 are selected in vitro and in vivo in the presence of amprenavir or FPV/r and have also been identified in other FPV/r resistance scores (2, 17, 20) . This study also highlights the possible importance of substitutions of two new amino acid residues (I15V and D60E) in virological response to FPV/r therapy that will need to be independently verified. However, both mutations have already been implicated in decreasing virological response to other PIs, such as saquinavir for I15V and atazanavir for D60E (14, 23) . The differences of PI resistance mutations highlighted in different genotypic scores might be due in part to higher trough exposure in patients receiving FPV/r compared to amprenavir. It has been shown that plasma trough levels drive the selection of mutation pathways during development of amprenavir resistance (4) .
A linear, gradual relationship was observed between the week 12 change from baseline in plasma HIV-1 RNA and the increasing number of mutations. However, the number of patients with no virological response (less than Ϫ0.5 log 10 plasma HIV-1 RNA decrease from baseline) and with four or more on October 14, 2017 by guest http://aac.asm.org/ mutations from the identified score in this data set was low (n ϭ 10). Hence, no clear clinical cutoff could be derived from the analysis and no categorical grouping (susceptible or resistant) could be defined. When applying the current ANRS FPV/r mutation set in the CONTEXT/TRIAD data set, the baseline resistance range equally illustrates the limited representation of patients with nonresponse and Ն4 baseline mutations (n ϭ 28) and therefore potentially makes the current ANRS FPV/r score not applicable to a broad range of PIexperienced patients with viruses more likely to show reduced susceptibility to FPV/r. However, the current ANRS FPV/r score (version 16) was highly predictive (P ϭ 5.41 ϫ 10 Ϫ6 ) of the virological response in the CONTEXT/TRIAD data set, providing an external cross-validation of this score in an independent data set (17). It is not surprising that a score derived from another data set predicts the virological response less efficiently than a score derived from this data set (P ϭ 1.45 ϫ 10 Ϫ11 ). This may be the consequence of using different patient and virus populations.
Of note, although the current ANRS FPV/r score was derived from a smaller data set (n ϭ 73) than the present study, the number of patients with lower susceptibilities and who are less responsive to FPV/r (less than Ϫ0.5 log 10 change from baseline in plasma HIV-1 RNA) was greater than in this study (n ϭ 39 and n ϭ 28, respectively) and therefore more applicable to a wide population of PI-experienced patients. Although the statistical methodology used to determine FPV/r genotypic score and the median number of major and minor PI resistance mutations were similar in the present study and in the ANRS study, genotypic scores were not strictly identical, probably because of different patterns of mutations at baseline in the two different data sets. This may reflect the multiplicity and complexity of mutational interactions in determining genotypic resistance, the various therapeutic histories of the patient populations studied, and limitations of the study population sizes in view of that complexity. The best algorithm for predicting virological responses to FPV/RTV might be somehow derived by a meta-analysis combining the data from the present study and other studies (17, 20) . However, the presence of I54L/M/V and I84V in both scores probably reflects a large weight of these mutations on the response to FPV/r. This is highlighted in the Stanford HIV Drug Resistance Database (http://hivdb .stanford.edu/), where each drug resistance mutation is assigned a drug penalty score. For example, for FPV, mutations I54V, I54M, and I54L have penalty scores of 10, 20, and 15, respectively, and mutation I84V has a penalty score of 35. In addition, by themselves, I54M/L and I84V each have a strong effect on amprenavir susceptibility, reducing it by about fourfold (18, 19) . The present study and the ANRS studies did not highlight the impact of either I50V or V32I plus I47V that are known to be selected by amprenavir and FPV in patients failing a first-line regimen; however, this is explained simply by the fact that patients analyzed in both studies had no prior experience with either amprenavir or FPV and therefore viruses harbored a prevalence of these mutations that was too low to detect any association with virological response to FPV/r (e.g., no I50V or I47V in the CONTEXT/TRIAD data set). However, in the current ANRS algorithm (version 16), the presence of I50V and/or V32I plus I47V is even considered a resistance to FPV/r, based on the known specific impact of these mutations on phenotypic resistance to amprenavir and the ability of the drug to select for them upon first-line and further lines of therapies. The nonparametric statistical methodology allows a comparison of groups of patients according to the number of mutations harbored by their viruses. The JT test with a specific alternative hypothesis is specifically adapted to the situation (6, 7). Indeed, when comparing groups of patients with distinct numbers of resistance mutations, one would expect that patients with no resistance mutations would have better virological responses than patients with one mutation, who in turn would have better virological responses than patients with two mutations, and so on. However, one limitation of the JT test is that no adjustment can be made. Indeed, adjustment can be done only with parametric models and not with nonparametric methods. Thus, in the statistical analysis, no adjustment has been made regarding the susceptibility to the NRTIs received in the background regimen. Consequently, this can potentially introduce a bias effect in the analysis, but in CONTEXT and TRIAD trials, where the choice of the NRTIs in the background regimen was guided by a resistance test for all patients, the importance of making an adjustment to susceptibility to NRTI is then reduced.
In conclusion, we identified a set of mutations associated with virological response to FPV/r in PI-experienced patients enrolled in CONTEXT and TRIAD clinical trials but no clear cutoff could be identified. However, this set of mutations shares some mutations with the current FPV/r ANRS resistance score, which has been cross-validated in the CONTEXT/ TRIAD data set, confirming that FPV/r ANRS score (version 16) is a useful tool for the prediction of virological response to FPV/r in PI-experienced patients.
